D/H Isotope Fractionation During H Diffusion Loss from Clinopyroxene Evidenced in Martian Nakhlites by Yang, S. et al.
Fall AGU 2018, 9-14 December, Washington D.C. 
D/H isotope fractionation during H diffusion loss from clinopyroxene evidenced in martian 
nakhlites 
 
A.H. Peslier1*, R. Hervig2, S. Yang3, M. Humayun3, J.J. Barnes4, A.J. Irving5, and A.D. Brandon6 
 
1Jacobs, NASA-Johnson Space Center, Mail Code X13, Houston TX 77058, USA, anne.h.peslier@nasa.gov 
2School of Earth and Space Exploration, Arizona State University, Tempe, AZ 85287, USA 
3National High Magnetic Field Lab, Florida State University, Tallahassee, FL 32310, USA 
4ARES, NASA-Johnson Space Center, Houston, TX 77058, USA 
5Dept. of Earth & Space Sciences, University of Washington, Seattle, WA, USA. 
6Dept. of Earth and Atmospheric Sciences, University of Houston, Houston, TX 77204, USA 
 
 
Knowing the distribution and origin of water in terrestrial planets is crucial to understand their 
formation, evolution and the source of their atmospheres and surface water. Mantle D/H ratios 
may be used to determine what type of material contributed water to the terrestrial planets 
[1]. However, other processes, magmatic or surface alteration processes, can also modify D/H 
ratios, and for Mars, we only have samples from the crust, as meteorites. The D/H ratio of 
igneous phases of Martian meteorites is generally explained in terms of the mixing 
contributions of two reservoirs: surficial with high D/H (dD > 700 ‰) related to interaction with 
the martian atmosphere (dD ~ 5000‰), and mantle-derived with lower D/H (dD < 500 ‰ but 
the exact value is still debated)[2]. However, our present study evidences that H loss in 
clinopyroxene during degassing can significantly fractionate H isotopes and increase their D/H 
ratios. In situ analyses of H isotopes, and of water, major and trace element contents were 
performed on the pyroxenes of 5 nakhlites. Nakhlites are clinopyroxenites that likely originated 
from the same lava flow or shallow magma chamber. Water contents decrease (380 to <5 ppm 
H2O) with increasing dD (-268 to 4860 ‰). Significant influence from spallation, exchange with 
the martian atmosphere, shock, surface alteration, and hydrothermal processes is ruled out. 
Together with the evidence of less water at the edge of individual pyroxene grains compared to 
their interior, we interpret this correlation as the result of preferential diffusive loss of H 
relative to D from the already crystallized pyroxenes during ascent of the partially-crystallized 
magma. Similar H isotope fractionations have been observed in another nominally anhydrous 
mineral, garnet, during experimental dehydration [3]. These results emphasize that caution is 
warranted when interpreting H isotope analyses of igneous, nominally anhydrous minerals in 
terms of planetary processes. 
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